We interpret in terms of \basic" cohomology the recently proposed supersymmetric, supergauge invariant formulation of topological Yang-Mills theory. Our interpretation shows that this formulation leads to the correct observables.
Introduction
In a recent series of articles 1], E. Witten investigates the expression of various topological invariants in terms of local eld theory. The rst examples of this sort we know of are due to A.S. Schwarz 2] who gives a eld theory expression for the Ray-Singer analytic torsion 3], and are related to the quantization of di erential forms 4]. The situations considered by E. Witten are of a more exotic type and lead to essentially non-linear eld theories, to be treated in the weak coupling regime. In principle, to obtain the sort of results one expects, a rigorous treatment of the renormalized perturbation expansion ought to be su cient for a rigorous mathematical construction. Here, we shall be concerned with gauge elds and the recently discovered Donaldson invariants 5] .
The following construction owes much to seminars by I.M. Singer, L. Baulieu 6] and P. Braam 7] . However, since local eld theory is to be used 8], we nd it necessary to characterize the model by a complete set of Ward identities. We believe that ref. 6], as well as subsequent proposals 9] are incomplete in this respect. The solution is to be found in an article by T.H. Horne 10] . The purpose of this note is to explain why, in more geometrical terms.
The di erential algebra
As suggested in E. Witten's paper 1a] (eq. (2.41)) and emphasized in ref. 6] , one wishes to gauge-x a topological invariant, e.g. S inv (A) = Z M tr(F(A)^F(A)) ; (1) where F(A) is the curvature of a connection A on a principal G?bundle P(M; G), over a compact 4-manifold M, without boundary, and tr is an invariant polynomial over Lie G. The group G is assumed to be compact.
The action S inv is, by essence, invariant under arbitrary variations of A:
From now on, all elds are di erential forms on M, taking values in ad(Lie G). One insists on gauge-xing S inv , leaving the gauge freedom pending till the end (because of the known Gribov di culty), localizing the system on the self-dual connections. The new action S inv + S (1) is invariant under the Slavnov symmetry: It is easy to modify S (1) in such a way that it is invariant under (10). Following eq. (5) we nd: (11) Notice that in eq.(10), sb needs a ' dependent term in order for s to be nilpotent. The ' invariance can be gauge xed in a gauge invariant way using the gauge function D :
IncludingŜ (2) in the action, one gets the Slavnov symmetry de ned by (10) i. S inv +Ŝ (1) +Ŝ (2) is not quite the most general ! independent, gauge invariant, renor- It therefore has vanishing cohomology as well as vanishing cohomology mod d. iii: It is interesting to observe that s can be split into a sum of two anticommuting di erentials and that the algebra can be cast in a supersymmetric form, which is distinct from that of ref. 10], if we insist that, as we will demonstrate, s generates the supersymmetry. However, the super eld content will be that of ref. 10] (without imposing the gauge condition ! = 0).
Details are given in section 4.
The \basic" cohomology of s
The di erential algebra de ned by the structure equations (10) and (13) has the following property, which makes it a di erential algebra with an action of the gauge Lie algebra; for This makes f ; j ; 2 Lie Gg into a graded Lie algebra. Recall that S tot = S inv +Ŝ (1) + S (2) ful ls: sS tot = S tot = S tot = 0 ; ; 2 Lie G : In terms of the unprimed variables the action and local cohomology mod d are characterized by ! independence and gauge invariance, as we have already remarked. In terms of the primed variables and the supersymmetric formulation of ref. 10], this is equivalent to supersymmetry (invariance under @=@ ) and supergauge invariance. So, this equivalence proves in particular that the supersymmetric supergauge invariant cohomology is identi ed with the \basic" cohomology, which is known to be correct ( 1, 6, 7] 
Concluding remarks
The algebraic set-up proposed in ref . 10] has been shown to describe the \basic" cohomology adapted to the characterization of a perturbative treatment 8] of the situation described by E. Witten 1] in terms of equivariant cohomology 7, 11] . There are two heavy technical problems to be dealt with: i: Perturbative renormalization theory for a eld theory associated with an arbitrary compact manifold without boundary in a particular topological sector.
ii: The proper treatment of di erent vacua and the inclusion in the s?W operation of global zero modes, that ought to make the theory not completely empty.
